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NMapannenbHbl¥ NporpaMMHbIM KOMMAEKC
rno6anbHoOMW NonynarpaH>Xesou Moaenu
YMC/IeHHOro NPOrHo3a noropabl

B nonHOM paboTe npenctasneHo KpaTtkoe OnucaHue
NAPANIENbHOTrO MPOrPAMMHOIO KOMMNEKCA MOOANbHOM
NOMYNArpaHXEBOWM MOAENM MPOrHO3A NMOoroapl, Paspabo-
TOHHOM B MHCTUTYTE BbluMCnMTENbHOM MaTemaTukn PAH
coBmectHO ¢ [uapometueHtpom Poccum. [Npueopsatcs
[OOCTUrHYTbIE PE3YNbTATE MACLUTAOUPYEMOCTH BblUMCIIE-
HWUM C MOMOLLIO AAHHOTO NMPOrPAMMHOIO KOMMMEKCA.

M.A. Tonctbix — [OKT. pu3.-MaT. HayK, Befl. Hay4. COTPYAHWUK. MHCTUTYTa BbIYUCAUTENbHOW MaTe-
matuku PAH u 3aB. nabapatopuen 'Y «ImapomertueHTtp Poccuny», email: tolstykh@inm.ras.ru
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HeobxoauMocTb napansiesibHbIX BbIUMCNIEHUI B 3afjlaue NPOrHO3a norogbl

OnHUM M3 OCHOBHBIX OBLIENPUHATHIX CNOCODOB MOBLILIEHNUS KAYECTBA NMPOrHO3Q
ABNAETCA NOBbILLUEHNE NMPOCTPAHCTBEHHOIO pA3peleHna YNCNEeHHbIX MOA:I,eJ'Ieﬁ. 3TO no-
3BONIAET SBHO OMUCHLIBATHL MpOLECCh Bce Honee menkoro macwtaba, ocobeHHo B3a-
MMOAENCTBUE C HEOLHOPOAHOM MOACTUACIOWEN MOBEPXHOCTBIO M MEPEeaaqy 3Heprum
no crnekTpy. YnCneHHbld rapoaMHAMMYECKMI MPOrHO3 MOrofsl C MNPOCTPAHCTBEHHBIM
PA3PELIEHNEM, HEODXOAMMBIM S COOTBETCTBYIOLLETO OMMCAHMA KOHBEKTUBHBIX M Me-
30MaCLITABHBIX MPOLECCOB, ABAAETCA NPOBNEemoit, KOoTopas TPEByeT OrPOMHbIX KOM-
MbIOTEPHLIX pecypcos. Kpome Toro, onepaTuBHbIi MPOrHO3 HAAAraeT OrpaHWYeHMe
HO [OMNYCTMMOE Bpems cyeTa mogpenu (kak npaemno, He 6Gonee 20 MMH QCTPOHOMMYE-
CKOTO BPEMeHM ans nporHosa Ha 24 yaca). Takum obpasom, Tpebyetcs npumeHeHue
NOPANNENbHbIX BLIYUCIEHWI IS YCKOPEHUs pacdeTos. [nobanbHble momeny nporHosa
norofpl B BEAYLUMX MMPOBLIX LEHTPAX MMEIOT FOPU3OHTANBHOE PA3PELIEHNE NOPSAKA
20 «km (http://www.wmo.int/pages/about/sec/rescrosscut/documents/wgne24rpt.pdf)
M ONS UX NPUMEHEHMS HEOBXOAMMA BbIYMCIUTENLHAS CUCTEMA, UMEIOLLIAS KAK MUHUMYM
HECKOMbKO COTEH MPOLECCOPOB NP 3PPEKTUBHOCTU Peanu3aumm NPOrPAMMHOIO KOM-
nnekca mogenu He Huxe 50 %.

Fno6anbHas nonynarpaH>xesa Mogenb aTMocgepbl

Monynarparxes meTon (0BPATHLIM METOA XAPAKTEPUCTUK) ANs OMMUCAHMS OABEK-
W (nepeHoca) No3BoNAeT MCMONb30BATL LIAT MO BPEMEHM B MOLENM ATMOCHEPH B He-
ckonbko pas Gornblie, 4em onpegensemsii ycrnosrem Kypanta. 1o nossiwaet s¢dektms-
HOCTb MOAENMPOBAHMS ATMOCHEPHOM LMPKYALMM MPU BLICOKOM paspelleHun Gonee yem
HO MOPAOK MO CPABHEHUIO C dineposbiMm mopenamu (Hortal, Procs. ECMWF Seminar
1998). B HacTosLiee Bpema NonynarpaHxes MeToa NpeobnanaeTt B rmobanbHbIX MOLENAX
YNCNEHHOTo NPOrHO3d Moroabl, d TAKXE MPUMEHAETCA B HEKOTOPLIX MOLENaxX KianmaTa.
MonynarpaHxes NOAXOA NO3BOMAET COKPATUTL BPEMS PACYETA MPOTHO3A HA OAHOMPO-
LIECCOPHOM KOMIMbIOTEPE, OAHAKO MPU NAPAENbHON peanusaumm TpebyeT CyLecTBeHHO
Bonblero 06bemMa NEPeCHIAEMON MEXLY NPOLECCOPaMU UHAOPMALMU. DTO 1 MOTUBU-
POBANO Pa3pPAbOTKy NAPANIENLHON PEANM3ALMM LAHHON MOLENM HO OCHOBE COYETAHMS
texronorin OpenMP u MPl. Paccmatpusaemas mogens, paspabotannas MBM PAH
cosmectHo ¢ MapometueHtpom Poccum, nogpobro msnoxerna B [1], a npumensembie
ymcnenHsbie Metoasl — B [2]. B monenn ncnonesyetca Habop napameTpusaumin npouec-
COB MOACETOYHOro MacwTaba M3 GppaHuysckon onepatueHoit moaenn ARPEGE/IFS.

Mogens MJIAB 8 Bepcumn ¢ paspewennem 0,9 rpapyca no gonrote, 0,72 rpaayca
no wupoTe, 28 ypPOBHSAMM MO BEPTMKAMM YCMELUHO MPOLAA OMEPATUBHBIE WUCMBITAHMS
8 [uapometuerntpe Poccun un pekomengosara k BHeaperuio. OnepaTtueHbie NPOrHO3LI
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Mmopenu focTynHel Ha caite MmppometuenTpa Pocemn (http://meteocinfo.ru/plav-forc-rus).
Ha puc. 1 npueepeH npumep NpeacTaBNEHHOrO HA 3TOM CAMTE MPOrHO3a MPU3EMHOM
TemnepaTypsl ¢ 3a6naroBpeMeHHoCTbio 84 yaca (cnesa), a Takke OCamKOB M AABNEHMS
HO ypoOBHe Mopst (cnpasa).

TZm 01.10.2009 12 UTC + 0B4h

[

Puc.1.
[porHo3 npusemMHou TemnepaTypbl ¢ 3a61aroBpeMeHHOCTbI0 84 (cneBa), 0CafKoB 1 faBneHus (cnpasa)

MapannenbHbi¥ NPOrpaMMHbIM KOMMIEKC U AOCTUTHYTbie pe3ynbTaThl

Mogens peanusosana Ha eeiuncutensHon cucteme SGI Altix 4700 ¢ nukoson
npoussoautensHocteio 10,8 Tdnonc, ycranosnennoit B BLL Pocruppomera. Dt1a Bbi-
yncnmTensHas cructema coaepxmt 832 apyxbagepHsix npoueccopa ltanium 2 Montvale.
Cucrema CKOMMOHOBAHA KAK HABOP Y3MOB, KAXAbIA MX KOTOPbIX comepxmt 128 anep
n mmeet apxutektypy ccNUMA (cache coherent non-uniform memory access), obecne-
YMBAIOLLLYIO, C TOYKM 3PEHMUS MONMb3OBATENS, OAHOPOAHBIA AOCTYM KO BCEM MAMATH y3Na
KaK K oBLien namaTu.

TecToBblE pPACYETHI BLIMOMHSAAMCH A1 NMEPCMNEKTUBHOIO BAPMAHTA MOLENM C Pa3-
pewennem 0,225 rpanyca no nonrote, 0,18 rpaaycos no wwupote (npumepHo 20 km B
CPenHUX WMPOTax), 28 HEPABHOMEPHO PACMONOXEHHbBIX BEPTUKANbHBIX YOOBHEN B HE-
MOHOMOMBHOM pexMme (3anyck yepes cuctemy ouvepeper). Ha puc. 2 npeacrasnens
3HAYEHUA NAPAINENEHOTO YCKOPEHMS B 3ABUCUMOCTM OT YMCIIA UCMOMb3YEMBIX BbIYMCIIN-
TeNbHbIX A0ep.

[lns Mopenen 4MCneHHOro NPOrHO3a MOrofAsl B MUPE CYUTAETCH XOPOLIMM PEe3yilb-
Tatom napannensHas sbdexktneHocTs Gonblie 50 %. Takum obpasom, B HacTosiee Bpe-
M$ TPOTPAMMHBIA KOMMNEKC moBanbHOM NONynarpaHxesoi mopenn atmocdeps MJ1AB
npu codetarun TexHonornin MPI u OpenMP nossonser sdbdektmsHO Mcnonb3osats A0
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216 npoueccopos Mnpu ropusoHTansHOM paspettermn okono 20 km. B uenom moxHO
COenaTh BbIBOA O LOCTATOYHON MACLITABUMPYEMOCTM MPOTPAMMHOMO KOMMIEKCA AN ACH-
HOTO PA3PELLEHUS MOLIENM — MPOrHO3 HAa 24 Yaca moxeT BbiTh paccuutad Ha 216 appax
3a 8 MuHYT. 3annaHupoBaHHOE B Brvkaiwem OyayLem NoBbILEHWE BEPTUKANBHOMO Pas-
pewenns ¢ 28 no 50 yposHeit ysenuuut 31y umbpy Ao 13 MUHYT, 4TO MeHbLUE Npeaena
8 20 MMHYT, HONArAEMOro OMNEPATUBHON TEXHONOMMEN BbIMYCKA MPOTHO30B.

180 Tapaanensioe yekopenne Puc. 2
%Eg ﬂ,OCTI/eryToe YCKOp€eHMe B 3aBUCMOCTN
iig OT YKCNA UCMONb30BaHHbIX MPOLECCOPHbIX AREP
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Yucao saep

B Wucturyte BblumcnmTensHoi matematukn PAH w Tuppomertuentpe Poccuu
Begetcs paspaboTka rMobanbHON NOMYNArpPaHXEBOM MOLENM ATMOCHEpPb HOBOTO MO-
KOMEHUA C ropu3oHTANbHBIM paspewernem 1—10 kM 1 BEPTUKAMbHBIM PA3PELIEHMEM
100—200 ypoBsHe#k no BepTKanu, KOTOPAsA MO3BOMAMT AOCTUYL YPOBHS PA3BUTUA MOAE-
nen atmocdepsl, OXMAAEMOrO Yepes HEeCKOMbKO MeT. DTy MOAeNb MOXHO Oyaer npu-
MEHATb HE TONbKO AJid NPOrHO3d NOroAbl, HO U MOLAENNPOBAHUA KNMMATA. HpGKTquCKOﬂ
peanuzaums Takoi mopenm notpebyet nopaaka 5000 npoueccopos.

PaspaboTka mopenu seinonHanacs npu nogaepxke rpaHtos PODU. Peanusaums
NAPANNENsHOro NPOrPAMMHOTO KOMMNIEKCA MOLENM BHIMOMHANACL B pamkax [1porpammsl
14 Mpeananyma PAH (2005—2008 rr.) npu nopnepxke rpanta PODU 05-07-90355.
OnepaTteHas TEXHONOMMS PACYETA MPOrHO30B HO OCHOBE LAHHON MOAENM M HOCTPOWMKA
mogenu seinonHersl 8 pamkax HVUOKP Pocrugpomera.

1. Toncmeix M.A. TlonynarpaHkeBa MOA€/b aTMOCEPDI C BbICOKUM Pa3PELLEHHUEM [Jii YUCTIEHHOTO
nporHo3a norogbi/ / Meteoponorus u rugposorus. 2001. Ned. C. 5—16.
2. Tolstykh M. Vorticity-divergence semi-Lagrangian shallow-water model on the sphere based on
compact finite differences. J. Comput. Phys. 2002. V. 179. P. 180—200.





